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ZRLCCGFOKSCRSRQCKOHRCC--NH2 



SEQIDNO:l2 



SEQ ID NO: 2 



(57) Abstract 



The present invention is directed to conotoxin peptides, specifically 6-conotoxin PVIA and M<onotoxin PHI A. £-conotoxin PV1A 
found in the Eastern Pacific fish hunting species of cone snails Conus purpurascens. It consists of 29 amino acid residues 
of the sequence: Glu-Ala-Cys-TyT-Ala-Xaai^ly-Thr-Phe^ 

Pro-Gly (SEQ ID NO: 1) where Xaai or Xaa2 is Pro or 4-trans-hydroxyproline. The C-terminus may be free or amidated. 6-conotoxin PVIA 
is vertebrate specific and targets voltage-sensitive Na* channels. -conotoxin PIIIA is also found in Conus purpurascens. It consists of 
22 amino acid residues of the sequence: Xaai-Arg-Leu-Cys-Cys-Gly-Phe-Xaa2-Lys-Ser-Cys-Arg-Ser-Arg-Gln-Cys-Lys-Xaa2-His-Arg-Cys- 
Cys (SEQ ID NO:2) where Xaai represents pyroglutamate or glutamine and Xaa2 represents 4-trans-hydroxyproline or proline. This latter 
peptide targets sodium channels. 
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TITLE OF THE iNVFNTION 
CONOTOXIN PEPTIDES 

This invention was made with Government support under Grant No, POl GM 48677 
5 awarded by the National Institutes of Health, Bethesda, Maryland. The United States Government 
has certain rights in the invention. 

BACKGROUND OF THE INVENTION 

10 This invention relates to relatively short peptides, and more particularly to peptides between 

about 22 and about 35 residues in length, which are naturally available in minute amounts in the 
venom of the cone snails or analogous to the naturally available peptides, and which include three 
cyclizing disulfide linkages. 

The publications and other materials used herein to illuminate the background of the 

15 invention, and in particular, cases to provide additional details respecting the practice, are 
incorporated by reference, and for convenience are referenced in the following text by author and 
date and are listed alphabetically by author in the appended bibliography. 

Mollusks of the genus Conus produce a highly toxic venom which enables them to carry out 
their unique predatory lifestyle. Prey are immobilized by the venom which is injected by means of 

2 0 a highly specialized venom apparatus, a disposable hollow tooth which functions both in the 
manner of a harpoon and a hypodermic needle. 

Few interactions between organisms are more striking than those between a venomous 
animal and its envenomated victim. Venom may be used as a primary weapon to capture prey or 
as a defense mechanism. These venoms disrupt essential organ systems in the envenomated 

2 5 animal, and many of these venoms contain molecules directed to receptors and ion channels of 

neuromuscular systems. 

The predatory cone snails {Conns) have developed a unique biological strategy. Their 
venom contains relatively small peptides that are targeted to various neuromuscular receptors and 
may be equivalent in their pharmacological diversity to the alkaloids of plants or secondary 

3 0 metabolites of microorganisms. Many of these peptides are among the smallest nucleic acid- 

encoded translation products having defined conformations, and as such, they are somewhat 
unusual. Peptides in this size range normally equilibrate among many conformations. Proteins 
having a fixed conformation are generally much larger. 
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Huxley formulation of action potential generation (Narahashi et al., 1964). A variety of ligands for 
the Na^ channel has been discovered since, and their sites of binding and modes of activity have 
been investigated (CatteralK 1992). 

Site I is the classical binding site for channel blockers, notably the guanidinium toxins, 
5 saxitoxin (STX) and tetrodotoxin ( 1 I X); this site is generally postulated to be at the extracellular 
end of the channel pore. Only one family of polypeptide toxins, the ^-conotoxins. has been shown 
to act at this site and functionally affect voltage-gated sodium currents. These were originally 
isolated from the venom of the marine snail Conus geographus (Stone and Gray, 1982; Sato et al.. 
1983; Cruz et al.. 1985; and Olivera et al., 1985). 

10 Other families of Conus peptides (notably the co-conotoxins which target calcium channels 

and the a-conotoxins which target nicotinic acetylcholine receptors) have been found in the 
venoms of many Conus species examined. They show extreme variability among homologous 
peptides from different Conus species, and interspecific comparison of different members within a 
given family of Conus peptides has provided insightful structure-function information. In 

15 particular, the wide diversity among natural toxins in these families has been instrumental in 
identifying new classes of receptors (Olivera et al., 1990; Olivera et al., 1994). By contrast, 
because the fi-conotoxins have so far been described only from the venom of C geographus. most 
structure-function information for this peptide family has come from experiments with synthetic 
analogs. 

2 0 One aspect of the invention is directed to 6-conotoxin PVIA having the formula Glu-Ala- 

Cys-Tyr-Ala-Xaa,-Gly-Thr-Phe-Cys-Gly-Ile-^^ 

Pro-Gly-Val-Cys-Pro-Gly (Xaa t or Xaa 2 is Pro or ^-frans-hydroxyproline) (SEQ ID NO:l). The 
C-terminus may be free or amidated. This conotoxin is vertebrate-specific and targets voltage- 
sensitive Na channels. 

2 5 A second aspect of the present invention describes a new member of the j.i-conotoxin peptide 

family - ja-conotoxin Piha from Conus purpurascens. an Eastern Pacific fish-hunting species. As 
expected, the new ^i-conotoxin shows considerable sequence divergence from the jj-conotoxins of 
Conus geographus. In addition to a comprehensive biochemical characterization of the peptide, 
there is provided electrophysiological and binding data which demonstrate that ji -conotoxin Pin a is 

3 0 a powerful pharmacological tool for distinguishing among different tetrodotoxin-sensitive Na* 

channel subtypes. The tetrodotoxin-sensitive sodium channels can now be resolved into three 
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reading frame is shown; mature conotoxins are always encoded at the C-terminus of the precursor 
sequence. The pattern of Cys residues suggested that the encoded C-terminal peptide might bea^- 
conotoxin. The arrow indicates the predicted site of proteolytic cleavage to generate the mature 
toxin. A -Lys-Arg- sequence is the most common motif for proteolytic cleavage of conotoxin 
5 precursors. 

Figure 2B shows the predicted sequence of the post-translationally processed peptide. The 
amino acid sequence shown in Figure 2A would be predicted to be post-translationally processed at 
the four indicated sites as follows: proline would be hydroxylated to 4-trans-hydroxyproIine (sites 
2 and 3); the C-terminal -Cys-Gly-Arg- sequence would be processed by an exopeptidase and 

10 amidation enzymes to a -Cys-NH 2 moiety (site 4); and after proteolysis the encoded glutamine 
residue would be converted to pyroglutamate (site 1). The post-translational processing events 
would yield the indicated bold sequence (Z = pyroglutamate, O = 4 trans-hydroxyproline). 

Figure 3A is a sketch of electrophysiological recording chamber for testing toxin on frog 
cutaneus pectoris muscle's response to direct electrical stimulation. A rectangular Sylgard trough 

15 was partitioned into four compartments (A through D) by three Mylar sheets (1-3). Mylar sheets 
were inserted into slots in the wall of the trough after the muscle had been pinned to the floor of the 
trough. The cutaneus end of the muscle was in A and the episternum (cartilage) was in D. 
Stimulating electrodes were in A and B (i.e., stimulation was across partition 1). A ground 
electrode was in B. Recording electrodes were in C and D (with electrode in D leading to the 

2 0 input of the preamp). Compartment D served as the test chamber only it was exposed to toxin. 

Figure 3B shows that Piha at a concentration of 1 \xM blocks directly-evoked action 
potentials in frog muscle. Superimposed traces of responses before, during and after exposure to 
toxin are shown. The stimulus was applied at t=0. Curve 1 is for a control sample response. 
Curve 2 shows a response after exposure to toxin for 23 minutes and just before the toxin was 

2 5 washed out. Curve 3 shows the response 20 minutes after toxin washout. Curve 4 shows the 

response after >4.5 hours of washing. Toxin was placed only in one compartment (D in Figure 
3A), and it contained the portion of the muscle which produced the negative phase of the response 
in the control trace. 

Figure 3C shows the time course of block of directly-evoked action potentials. Maximum 

3 0 amplitudes of the positive phase (open circles) and negative phase (closed circles) of the response 
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the results shown below demonstrate that that they do not compete for binding with o)-conotoxin 
GVIA and do not induce the shaking syndrome in mice characteristic of the (o-conotoxins. 

Biologically active 5-conotoxin GmVIA has been chemically synthesized, demonstrating 
that the biological activity is not due to contaminants. A different family of Conus peptides, the \i- 
5 conotoxins, is known which also affects Na* channels. However, these have a different disulfide 
framework, are channel blockers specific for the muscle subtype, and, like the co-conotoxins, are 
highly basic molecules. Given the very different chemical character of S-conotoxins, it is likely 
that their site of action on the Na + channel is quite distinct. 

Biologically active 5-conotoxin PVIA has been chemically synthesized, demonstrating that 
10 the biological activity is not due to contaminants. 6-Conotoxin PVIA (sometimes called herein the 
lockjaw peptide), present in the venom of the fish hunting snail C purpurascens\ is the first 
biochemically characterized toxin shown to underlie such symptoms, as well as to increase 
excitability at the vertebrate neuromuscular junction. When the peptide was injected into fish 
intraperitoneal ly or intramuscularly, a characteristic rapid and very jerky swimming behavior 
15 was followed by rigid paralysis, the lockjaw syndrome, ^nd death. Excitotoxin activities were 
also induced upon intracranial injection of the peptide into mice. 

The data presented below strongly indicate that the lockjaw peptide is a vertebrate- 
targeted 5-conotoxin. The C purpurascens lockjaw peptide was inactive in the molluscan test 
system at doses 100-fold higher than required to potently affect both fish and mice. In contrast. 
2 0 5-conotoxin TxVlA which potently potentiates molluscan Na channels showed no biological 
activity in any assays involving vertebrate systems. 

Nevertheless, 5-conotoxin TxVIA and the lockjaw peptide competed for the same 
binding site in rat brain membranes. 5-Conotoxin TxVIA binds specifically and with high 
affinity to voltage-sensitive sodium channels in the mammalian central nervous system, even 

2 5 though it has no inhibitory effect (Fainzilber et al., 1994). Taken together, the primary structure 

of the lockjaw peptide, the predicted amino acid sequence of the precursor, the 
electrophysiological results using the frog neuromuscular junction, the binding data, and the in 
vivo symptoms induced by the peptide are consistent with the conclusion that the lockjaw 
peptide is a vertebrate-targeted 6-conotoxin. In contrast to previously characterized 5- 

3 0 conotoxins (TxVIA and GmVIA) which had no effects on cloned rat brain Na channels. 5- 

conotoxin PVIA had clear effects on this mammalian channel. Under depolarizing conditions. 
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bind to cell surface receptors, ion channels, they are capable of inhibiting tumor growth and are 
useful as antineoplastic agents. 

Chemical Synthesis of ConcHQxins 
5 These peptides are sufficiently small to be chemically synthesized. General chemical 

syntheses for preparing the foregoing conotoxin peptides are described hereinafter, along with 
specific chemical syntheses of several conotoxin peptides and indications of biological activities of 
these synthetic products. Various ones of these conotoxin peptides can also be obtained by 
isolation and purification from specific Conus species using the technique described in U.S. Patent 

10 No. 4,447,356 (Olivera et al.. 1984), the disclosure of which is incorporated herein by reference. 

Although the conotoxin peptides of the present invention can be obtained by purification 
from cone snails, because the amounts of conotoxin peptides obtainable from individual snails are 
very small, the desired substantially pure conotoxin peptides are best practically obtained in 
commercially valuable amounts by chemical synthesis. For example, the yield from a single cone 

15 snail may be about 10 micrograms or less of conotoxin peptide. By "substantially pure" is meant 
that the peptide is present in the substantial absence of other biological molecules of the same type; 
it is preferably present in an amount of at least about 85% by weight and preferably at least about 
95% of such biological molecules of the same type which are present (i.e., water, buffers and 
innocuous small molecules may be present). Chemical synthesis of biologically active conotoxin 

2 0 peptides depends of course upon correct determination of the amino acid sequence 

The conotoxin peptides can also be produced by recombinant DNA techniques well known 
in the art. Such techniques are described by Sambrook et al. (1979). The peptides produced in this 
manner are isolated, reduced if necessary, and oxidized to form the correct disulfide bonds. 

One method of forming disulfide bonds in the conotoxin peptides of the present invention is 

2 5 the air oxidation of the linear peptides for prolonged periods under cold room temperatures. This 

procedure results in the creation of a substantial amount of the bioactive, disulfide-linked peptides. 
The oxidized peptides are fractionated using reverse-phase high performance liquid 
chromatography (HPLC) or the like, to separate peptides having different linked configurations. 
Thereafter, either by comparing these fractions with the elution of the native material or by using a 

3 0 simple assay, the particular fraction having the correct linkage for maximum biological potency is 

easily determined. It is also found that the linear peptide, or the oxidized product having more than 



5NSDOOD <WC 9633206A1 \ > 



PCT/US96/05262 



WO 96/33206 



-10- 



10 



15 



20 



ts be used for ,» *» — « *~ ^ Cr ° SS -"^' n8 
« <*" SOme " m£ „ 1 ^ found ,„ create ,he b,o,og,ca,,y po.en. concern 

rear^gemen, ■*» ftom lhe pre sence of Cher fraoions of less 

m<) ,ecu,e. Hoover, *cause of >he diluhon resu„,n e from P 

biopoiency. a somewha. h.gh=r dosage may * re^ ^ ^ ^ 

A second - *e ~ ■ ^ fc ^ „ fifth 

,„ v e„,.on involves .he use of ace.am.dome.hy, ,Acm, P^ ^ ^ ^ ^ ^ ^ 
evs,e.nes dur.ng .he syndesis of -he eono,o*.„ ^ ^ ^ Acm 

.Ld-^^^^^"^"^!* The b,y* pep,d=s are 
pro.ec.ed cys,e.„es is air— ovem.gh, a, r»m em,- • ^ ^ 

— - * e JT r — " — - — * 

m final disulfide bndge ,s earned ^ou. y ^ ^ t ^ „ 

recycled by reducion .o linear pepr.de- The i ^ ^ ^ ^ 

^alvs, (Gray. W»V .» «• «**• * ^ f^a l 6 -v-«d 8 ed in>ermed,a.e. V* to* 

by sequence analysis. In this analyse i , teines for PV1A. for example. 

^e pep.ides are synmesaed * a «u ^ ^ ^ 

^ues. by ™ — ^ * "J " 

coupl ,ngs. The employe . * ^ MMral ac ,d rescues 
prepare thee peptides, pamcuU., the long 

-hdono.reou.repo s,—- P— ~ ^ ^ . „ spared by a 

ln conventional so,uu„n „ > ^ ^ ^ ^ „ ^ 6 , owing pepnde 

^esofeoupl.ngreac.ions.nwh.chteeo^ ^ ^ ^ poups . ««_ 

chain in .he des,r=d sequence. ^ ^ ^ ^ of N . 

dicydohexylcarboaiimide o. carbony.dun.dazo.. ^ ^ ^ ^ ^ 

hv dro*yph.ha>,rn.de or N-hyd,„xy-succm.n,.de, an ^ ^ ^ 

reacon ,n so,u,.„n. - — *- — „ ^ in deB „ in me 0 ea.,e 

"Memoden der ^ ^ ^ ^ ^ Pephde S^s,, 

of exclusively solid-phase syu 



25 



30 



WO 96/33206 



PCT/US96/05262 



(Stewart and Young, 1969), and are exemplified by the disclosure of U.S. Patent 4.105,603 (Vale 
et ah, 1978) The fragment condensation method of synthesis is exemplified in U.S. Paten: 
3,972.859 (1976). Other available syntheses are exemplified by U.S. Patents No. 3.842.067 (1974) 
and 3,862,925 (1975). 

5 Common to such chemical syntheses is the protection of the labile side chain groups of the 

various amino acid moieties with suitable protecting groups which will prevent a chemical reaction 
from occurring at that site until the group is ultimately removed. Usually also common is the 
protection of an a-amino group on an amino acid or a fragment while that entity reacts at the 
carboxy! group, followed by the selective removal of the a-amino protecting group to allow 

1 0 subsequent reaction to take place at that location. Accordingly, it is common that, as a step in such 
a synthesis, an intermediate compound is produced which includes each of the amino acid residues 
located in its desired sequence in the peptide chain with appropriate side-chain protecting groups 
linked to various ones of the residues having labile side chains. 

As far as the selection of a side chain amino protecting group is concerned, generally one is 

15 chosen which is not removed during deprotection of the a-amino groups during the synthesis. 
However, for some amino acids, e g., His, protection is not generally necessary. In selecting a 
particular side chain protecting group to be used in the synthesis of the peptides, the following 
general rules are followed: (a) the protecting group preferably retains its protecting properties and 
is not split off under coupling conditions, (b) the protecting group should be stable under the 

2 0 reaction conditions selected for removing the a-amino protecting group at each step of the 
synthesis, and (c) the side chin protecting group must be removable, upon the completion of the 
synthesis containing the desired amino acid sequence, under reaction conditions that will not 
undesirably alter the peptide chain. 

It should be possible to prepare many, or even all, of these peptides using recombinant DNA 

2 5 technology. However, when peptides are not so prepared, they are preferably prepared using the 

Merrifield solid-phase synthesis, although other equivalent chemical syntheses known in the art 
can also be used as previously mentioned. Solid-phase synthesis is commenced from the C- 
terminus of the peptide by coupling a protected a-amino acid to a suitable resin. Such a starting 
material can be prepared by attaching an a-amino-protected amino acid by an ester linkage to a 

3 0 chloromethylated resin or a hydroxymethyl resin, or by an amide bond to a benzhydrylamine 

(BHA) resin or paramethyl benzhydrylamine (MBHA) resin. Preparation of the hydroxymethyl 
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reagents and their use in peptide coupling are described by Schroder & Lubke (1965) and Kapoor 
(1970). 

Each protected amino acid or amino acid sequence is introduced into the solid-phase reactor 
in about a twofold or more excess, and the coupling may be carried out in a medium of 
5 dimethylformamide (DMF):CH 2 CI 2 ( 1 : 1 ) or in DMF or CH 2 C\ 2 alone. In cases where intermediate 
coupling occurs, the coupling procedure is repeated before removal of the a-amino protecting 
group prior to the coupling of the next amino acid. The success of the coupling reaction at each 
stage of the synthesis, if performed manually, is preferably monitored by the ninhydrin reaction, as 
described by Kaiser et al. (1970). Coupling reactions can be performed automatically, as on a 

1 0 Beckman 990 automatic synthesizer, using a program such as that reported in Rivier et al. (1 978). 

After the desired amino acid sequence has been completed, the intermediate peptide can be 
removed from the resin support by treatment with a reagent, such as liquid hydrogen fluoride, 
which not only cleaves the peptide from the resin but also cleaves all remaining side chain 
protecting groups and also the a-amino protecting group at the N-terminus if it was not previously 

15 removed to obtain the peptide in the form of the free acid. If Met is present in the sequence, the 
Boc protecting group is preferably first removed using trifluoroacetic acid (TFA)/ethanedithiol 
prior to cleaving the peptide from the resin with HF to eliminate potential S-alkylation. When 
using hydrogen fluoride for cleaving, one or more scavengers such as anisole, cresol, dimethyl 
sulfide and methylethyl sulfide are included in the reaction vessel. 

2 0 Cyclization of the linear peptide is preferably affected, as opposed to cyclizing the peptide 

while a part of the peptidoresin, to create bonds, between Cys residues. To effect such a disulfide 
cyclizing linkage, fully protected peptide can be cleaved from a hydroxymethylated resin or a 
chloromethylated resin support by ammonolysis, as is well known in the art, to yield the fully 
protected amide intermediate, which is thereafter suitably cyclized and deprotected. Alternatively, 

2 5 deprotection, as well as cleavage of the peptide from the above resins or a benzhydrylamine (BHA) 

resin or a methylbenzhydrylamine (MBHA), can take place at 0°C with hydrofluoric acid (HF). 
followed by oxidation as described above. 

Comparison of Conotoxin Classes 

3 0 The present studies establish that Conus purpurascens venom ducts express a u.-conotoxin 

which has clear homology to the three previously characterized n-conotoxins from Conus 
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3) Finally, both the binding data and the electrophysiology strongly suggest that a significant 
fraction of tetrodotoxin-sensitive sodium channels will be resistant to both ^i-Piiia and fi-GniA. An 
example of this category would be the voltage-gated sodium channels present in motor axons, 
which are resistant to both ^i-conotoxins. The binding data indicate that a major fraction of the 
5 total CNS channels may fall into this category. In addition, the results indicate that the subtype of 
voltage-gated sodium channels present in motor axons must be distinct from the Type II sodium 
channels present in the mammalian central nervous system. 

The discovery of p-conotoxin Pin a is also indicative that the p-conotoxin peptide family 
may be broadly distributed in Conus species. Different ^-conotoxin sequence variants found in the 

10 about 500 species of Conus may be expected to exhibit different affinities for the various voltage- 
gated sodium channel subtypes. The situation is somewhat analogous to that found for the co- 
conotoxins, where the subtype specificity of different to-conotoxin peptides has been used to 
advantage to investigate the functional roles of different Ca 2+ channel subtypes. Similarly, the fa- 
conotoxins should prove useful for dissecting the role of an individual Na + channel subtype in a 

15 neuron, circuit or event slice preparation, particularly in those situations when multiple molecular 
forms of voltage-gated Na + channels are present. 



EXAMPLES 



2 0 The present invention is described by reference to the following Examples, which are offered 

by way of illustration and are not intended to limit the invention in any manner. Standard 
techniques well known in the art or the techniques specifically described below were utilized. 

EXAMPLE 1 

25 Idemifi cation of 5-Conotoxin Peptide PVIA Sequence 

Milked Venom Extraction. C purpurascens specimens were collected from the Gulf of 
California, and venom was collected by a milking procedure. Milked venom (0.5 ml) was 
pooled from 50 Eppendorf tubes stored in a -70°C deep freezer. The pooled venom was kept 

3 0 over ice and diluted with 10 mL of 0.1% TFA in water. The solution was spun for a few 

minutes using a bench-top microfuge, and the supernatant was immediately subjected to 
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sequence, it remained a possibility that these represented forms of the peptide with free carboxyl 
and amidated C-termini. 

EXAMPLE 2 
Synthesis of 5-Conotoxin Peptide PVIA Sequence 



The protected peptide resin was built using standard fmoc chemistry, couplings being 
carried out with equimolar amounts of amino acid derivative, DCC, and HOBT. All amino 
acids were purchased from Bachem (Torrence, CA), and the side chains were protected as 

10 follows: Hyp (t-Bu), Lys (boc), Ser (t-Bu), Tyr (t-Bu), Glu (t-Bu), and Thr (t-Bu). Cys residues 
3, 17, 18 and 27 were protected by trt, while Cys residues 10 and 22 were protected by acm. 

At the completion of synthesis, the terminal fmoc group was removed by standard 
treatment with piperidine/NMP (20% by volume). Peptide was removed from the resin by 
treatment for 2 h at 20°C with TFA/H 2 0/ethanedithiol/pheno!/thioanisole (90/5/2.5/7.5/5 by 

15 volume), and the whole mixture was filtered rapidly into /*?r/-butyl methyl ether at -10°C. The 
pellet, almost free of ether, was dissolved in 60% acetonitrile containing 0.1% TFA. 

A two-step oxidation protocol was used as described in Shon et al. (1994) with a few 
minor changes. Crude linear peptide cleaved from 100 mg resin was directly subjected to 
oxidation in 20 mM FeCN in 0.1 Tris-acetate buffer (pH=8.0) containing 60% acetonitrile. The 

2 0 peptide solution (diluted to 200 mL containing 60% acetonitrile) was dripped slowly (at least 30 
min) into 200 mL of the FeCN solution in order to minimize any intermolecular disulfide bond 
formation. On average, 1 h is usually enough for complete oxidation. The oxidation reaction 
resulted in three bicyclic peptides with disulfide bonds among Cys 3, 17, 18 and 27. The three 
isomers were purified using a reversed-phase HPLC preparative column with a gradient of 

2 5 acetonitrile (27- 50%) in 0.1% TFA and a flow rate of 20 mL/min. One of the three isomers gave 

native-like material after oxidation with 1 mM I 2 in 10% TFA and acetonitrile (5 min at room 
temperature, followed by a quench with 30 mM ascorbic acid). 

In order to confirm the sequence assignment, and assess the functional effects of the 
presence or absence of C-terminal amidation, both the free and amidated forms of the peptide 

3 0 were synthesized and folded as described herein. Both synthetic peptides provided to be 

biologically active, the same in vivo symptomatology was induced by the synthetic forms and 
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Elcctrophysiology The cutaneus pectoris muscle of the leopard frog Rana pipiens was 
prepared and placed in a recording chamber as previously described (Yoshikami et ah, 1989) 
except that the muscle was not pretreated with any toxins or drugs unless otherwise indicated. 
The motor nerve was electrically stimulated every 30 s with a rectangular suprathreshold pulse 
5 lasting 0.1 ms, and extracellular recording electrodes were used to monitor the compound action 
potential from the muscle . 

. Membrane Preparation. The crude membrane fraction was obtained from the whole 
brain of 6-8 month-old Sprague-Dawley rats a previously described (Cruz and Olivera, 1986). 

Radiolabeling of Conotoxins. lodination of 6-conotoxin TxVlA was carried out using 
10 the water-soluble reagent chloramine T. Two nanomoles of 5-conotoxin TxVIA dissolved in 
50% acetonitrile in water was incubated for 10 min at room temperature with 2 nmol Na 12? I (1.1 
mCi/nmol) and 10 nmol of chloramine T in 200 mM Tris (pH 8.6). The reaction was quenched 
with 50 »aL of 500 mM ascorbic acid and 50 f.iL of 200 mM methionine, and the solution was 
gently extracted twice with 500 \xL of diethyl ether. Upon application onto an C, g analytical 
15 column (Vydac), the monoiodinated TxVIA eluted shortly after the unmodified 5-conotoxin 
TxVIA at approximately 56% acetonitrile on a linear gradient of acetonitrile (36-63%). The 
label was stored as a HPLC effluent at -20°C with 57 mM methionine and centrifuged before use 
in binding assays. co-Conotoxin GVIA was labeled by resuspending 10 nmol of peptide in 0.1% 
TFA, adding an equal volume of 0.25 M Tris-HCl. pH 7.0, and incubating with an equivalent 
2 0 amount of chloramine T and 4 nmol of Na 125 I (2.2 mCi/nmol) for 10 min at room temperature. 
The flJo-GVIA was purified by HPLC as previously described (C ruz and Olivera, 1986; Cruz 
eta!., 1987). 

Competitive binding Assays. Two assay procedures were used. The first was optimized 
for [ I25 I]5-conotoxin TxVIA binding (Hillyard et al., 1992) The second conditions were 
2 5 standard co-conotoxin binding assays (Hillyard et al., 1992), modified by adding 130 mM NaCL 
5 mM CaCI 2 , 1 .3 mM KC1 and 0.8 mM MgCl 2 to the assay mix. 
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Bindtng Evidence That the Lockjaw Peptide is a 8-Conotoxm The C purpurascens 
peptide exhibits an even greater similarity to the precursor sequence of a previously 
characterized peptide from a snail-hunting Conus venom, 6-conotoxin TxVIA (Woodward et al.. 
1990). The 6-conotoxins were previously shown to bind specifically to voltage sensitive Na 
5 channels (Fainzilber et al., 1 994), causing a delay in channel inactivation resulting in an increase 
in Na conductance (Hasson et al., 1993; Shon et al., 1994). The sequence homology in Figure 1 
strongly suggested that the lockjaw peptide might be a member of the 6-conotoxin family. 

In order to confirm whether the C. purpurascens peptide was in fact a 6-conotoxin, 
binding competition was performed using radiolabeled 6-conotoxin TxVIA as the probe for 

10 high-affinity sites on rat brain Na channel (Fainzilber et ah, 1994). The results are shown in 
Table 1 above. It is clear that the peptide completely displaced specific 5-conotoxin TxVIA 
binding under assay conditions where there was not detectable displacement of o>-conotoxin 
GVIA binding. The experiments in Table 1 were carried out under conditions optimal for 6- 
conotoxin TxVIA binding; even under assay conditions optimal for co-conotoxin GVIA binding, 

15 the lockjaw peptide displaced the 6-conotoxin but not [ I25 l]a)-GV1A. These results, together 
with the precursor sequence homologies, support the conclusion that the C purpurascens 
peptide targets to the 5-ccnotoxin binding site on Na channels and is not an co -conotoxin. The 
initially seen electrophysiological effects are thus rationalized by the lockjaw peptide increasing 
voltage-gated Na + currents (Fainzilber et al., 1991). thereby making the neuromuscular junction 

2 0 more electrically excitable. 

In vivo Experiments. The molecular genetic and binding data which indicate that the 
lockjaw peptide is a 6-conotoxin and not an co-conotoxin are reinforced by the observed in vivo 
biological activity of the peptide on fish and mice. The co-conotoxins cause a characteristic 
shaking syndrome when injected intracranially into mice. In contrast, injection of 0.5 nmol of 

25 the purified lockjaw peptide caused hyperactivity, rapid running, limb extension, and death. At 
higher doses 5 nmol), the peptide was remarkably toxic in mice, causing death in 10 s. Thus, 
the peptide is a potent excitotoxin in mammals, a result consistent with Na channel-targeted 
ligand, which increases conductance, rather than a calcium channel blocker of the 6-conotoxin 
class. 
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EXAMPLE 7 
Synthesis of p-Conotoxin Peptide Piiia Sequence 

The predicted 22-residue peptide, including p°st-translational modifications modeled on 
5 other related peptides was chemically synthesized. The post-translational modifications include 
changing Glnl to pyroglutamate, prolines to hydroxyproline, the C-terminal Cys-Cys-GIy-Arg 
(SEQ ID NO: 7) to Cys-Cys-NH 2 - The resulting peptide, with the disulfide bonding indicated, is 
referred to as ji-conotoxin Piiia (h-Piua) based on the physiological evidence detailed below. The 
structure is: 



ZRLCCGFOKSCRSRQCKOHRCC-NH, SEQ ID NO: 2 
I . J ~ 

15 where Z = pyroglutamate and O = 4-trans-hydroxyproline. The pure synthetic peptide caused 
flaccid paralysis in both mice and fish, as expected for a ja-conotoxin. 

The peptide was built in two stages base;d on the linear sequence predicted from the cDNA 
isolate. First, the protected peptide resin minus the N-terminal pyroglutamate was built by 
standard Fmoc chemistry on an ABI mode! 477A peptide synthesizer. Pyroglutamate was then 

2 0 added manually to some of the resin to produce the complete peptide. After cleavage from the 
respective resins, the linear peptides ([1-22] and [2-22]) were purified by preparative reversed 
phase HPLC. Disulfide bridges were allowed to form in the presence of a glutathione redox buffer, 
and the products were again fractionated by preparative HPLC. The major oxidation products in 
each case were obtained in highly purified form. 

2 5 Peptide bond coupling was carried out with equimolar amounts of amino acid derivative. 

DCC and HOBT, and the terminal Fmoc group was removed by treatment with piperidine/NMP 
(20% by volume). The side chain Fmoc-protected amino acids were purchased from Bachem 
(Torrance, CA): these are Hyp (t-Bu), Lys (Boc), Ser (t-Bu), Arg (pmc), Gin (tit). His (trt) and Cys 
(trt). In the second stage, pyroglutamic acid was manually coupled to the peptide resin. 

3 0 Pyroglutamic acid (0.25 mmol; Sigma) was activated in 1 ml solution of 1 M DICC/1 M HOBT in 

NMP for 30 minutes, and the solution was added to 100 mg (0.012 mmol) peptide resin. The 
reaction mixture was stirred for 2.5 hours and centrifuged. The resin was then washed with NMP 
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resolved from fully reduced or fully oxidized peptides, and only one suitable product could be 
isolated. This was labeled with iodoacetamide, then reduced and further labeled with 4- 
vinylpyridine; the pattern of labeling showed that it represented an intermediate with a single 
disulfide between Cys3 (residue 1 1 ) and Cys6 (residue 22). 
5 The analysis was completed using the monoiodohistidine derivative of p-Pmia[2-22], which 

gave three intermediates that were shifted away from the fully reduced and fully oxidized peptides 
One of these proved to have a single disulfide between Cys2 (residue 4) and Cys5 (residue 21 ); a 
second had been reduced only at the Cys3 - Cys6 bridge; the third, though not sequenced 
completely, appeared to be analogous to the product obtained form the non-iodinated peptide. 
10 Thus, all results are consistent with a disulfide connectivity exactly equivalent to that of the ^i-Gin 
series of toxins (Cysl-Cys4; Cys2-Cys5; Cys3-Cys6). The sequences and disulfide connectivity of 
all known (i-conotoxins are shown in Table II. 



Table II 

15 Comparison of Sequen c es of Known jj-Conotoxins 

H-Piiia ZRLCCGFOKSCRSRQCKOHRCC* SEQ ID NO: 2 

I 

H-Giiia RDCCTOOKKCKDRQCKOQRCCA* SEQ ID NO: 8 

20 u-Giiib RDCCTOORKCKDRRCKOMKCCA* SEQ ID NO: 9 

u-Gmc RDCCTOOKKCKDRRCKOLKCCA* SEQ ID NO: 10 



Disulfide CC C C CC 

25 Bonding * 1 ' | 

Z = pyroglutamate; O = 4-trans-hydroxyproline 
Arrow (I) indicates the conserved Arg. 

* indicates an amidated carboxy terminus; the amidation for Gmc was not directly determined 
3 C experimentally, but is inferred by homology. 



WO 96/33206 



-26- 



PCT/US96/05262 



10 



15 



20 



* . muscie <cu.aneus pec.ora!,s) were H,**-*- * 
Th e effeos of me « "»"* ^ was , nje c.ed ,n,o ,he muscie 

skett h of ,hc record chamhe, * "~» ^ ih£ ^ across pardon 3. Far,,,on 2 
acrosspa nU, 0 n It — erodes. T„*in was — 

serve d .o e,ec.r,cally isoia.e *» 

onl v ,»,o me com^em D. ^ was use d. The muscie was 

Tne curaneus pecon, muscie from 7 cm ^ (rf YosWkan> , e , 

, rimrot a ***** - - «* - ^;;;n e ^ - . — - - ;' 6 

a ,. 1989 , The .nmmed muse, was pmneo » » ^ Co ) . The 

mm , , mm deep, faoncaud f- ***** ^ ^ F , gure iA , Thus, once ,he 

mu6 h had four transverse s,i.s cu, - ^ fom compaR „,„,s cy — 

rouK ie was pmned ,n piace. ,he <rou*h c u,d ^ ^ ^ iolo 

a 0, mm duct My.ar shee. in.o each s,o, J V ^ ^ x , 5 mm long x „. 

m „ sc ,e Pinned ,o ,he floor of .he «-* « ^ ^ A „ fouI com pan m en,s 

mro UucW) were pi-d on eifner s, e of ^ ^ ^ _ conipanme „ t s 

conla ,„ed R m,er S so.uucn. S— _ (C ^ 

( A and B, and records eiecrodes were ioca, <i ,„ ^ ^ ^ ^ yh£ 

gro und e,ec,rode was ioca,ed ,n ^ *D « * ^ 

re e„rd,n S e 1 ec^e i nCwasconr.ec,ed,od«n _ ^ „ . a , mulus 

of a d— AC preampiif- ^ ^ were ^ .o d„ec.iy ei.ci, acuon 

lsol a,on umu and sop— a, , of 1(n ,,„u,e or iess. When .he 

^emiaU .n .he muscie. «« ^ Ksponsc was .ecorded 0V 

aeon po.en.ia> proved ,n.o cnam^ ^ „ O was reared 

pre amp«f-. - * ^ PIOPa8a, '° t s , h e««ace,,u>ar,y ^ 
hy .he prefer - • " ^ ^ „ abip has, respons, w,.h ,he phases 

L - P0pu,a,on of f.cers m *e - ^ ^ To exam! „e *e «»» of 

^.ed from each o,her „ oniy a few -D-» ^ conta|n , ng toxin . ,f .he 

J .o,i, .he Piam — lh£ J, „ £Eallv e phase shouid . ohse^ed. 



25 



30 



WO 96/33206 



PCT/US96/05262 



-27- 

The early positive phase should remain largely unaltered reflecting the fact that portions of the 
muscle not exposed to toxin remained normal. Thus, there are two advantages of exposing only 
the solution in chamber D to toxin. One. this allows the response in chamber C to serve as an 
internal control for the overall vitality of the muscle preparation as well as to insure that the 
stimulus remained supramaximal; and two. the volume of toxin solution necessarv is reduced, in 
these experiments 25 u.1 sufficed. 

A control response before toxin addition is shown in Figure 3B. The progression of the 
action potential between segments C and D is readily apparent; the biphasic waveform generated 
represents propagation of the action potential from C to D. The peaks of the responses as a 
function of time before, during, and after toxin addition are shown in Figure 3C. With the toxin 
added to segment D, the action potential clearly propagated into segment C, causing the voltage 
change characteristic of the first half of the biphasic waveform in Figure 3B; however, the 
negative phase was completely abolished, indicating that although a normal action potential was 
generated, transmission in segment D of the muscle was abolished. These results are consistent 
with inhibition of voltage-gated sodium channels on the muscle plasma membrane. Even upon 
washing for many hours in the absence of toxin, no recovery was observed in segment D (see 
Figure 3C), although action potential propagation to segment C was essentially normal (a slight 
rundown was observed with time). Similar results were also observed with the u.Piiia[2-22] 
analog of the toxin (results not shown). During exposure to toxin, the amplitude of the positive 
phase increased somewhat while that of the negative phase was abolished as is also evident in 
Figure 3C. Upon washout of toxin, the amplitude of the negative phase remained nil while that 
of the positive phase continue to increase slightly for about 10 minutes before slowly and 
continuously decreasing over the next 4 hours. This decline continued at essentially a constant 
rate for the next 13 hours (not shown) at which time the response was -10 mV, and the 
experiment was terminated. These experiments show that the negative phase is completely, and 
irreversibly obliterated by exposure to toxin, whereas the positive phase remains largely intact 
indicating that no untoward systemic changes occurred. Upon exposure to toxin, the positive 
phase initially becomes larger because the counteracting negative phase becomes smaller. The 
initial rising phase of the positive phase is also slightly delayed following exposure to toxin; this 
is thought to be due to leakage of the toxin into compartment C with an attendant decrease in the 
propagation velocity of the action potential in that compartment. Leak of toxin into 
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(1) GENERAL INFORMATION: 

(i) APPLICANT: Shon , Ki-Joon 

Gr il ley , Michel 1 e M . 
Oil vera, Baldomero M. 
Yoshikami , Doju 
Marsh , Maren 
Cruz , Lourdes J . 
Hillyard, David R . 

(ii) TITLE OF INVENTION: Conotoxin Peptides 

(ili) NUMBER OF SEQUENCES: 14 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Venable , Baetjer, 

(B) STREET: 1201 New York Avenue, 

(C) CITY: Washington 

(D) STATE: DC 

( E ) COUNTRY : U.S.A. 

(F) ZIP: 20005 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC- DOS /MS -DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.30 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: WO 

(B) FILING DATE : 17-APR-1996 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/423,561 

(B) FILING DATE: 17-APR-1995 

(viii) ATTORNEY / AGENT INFORMATION: 

(A) NAME: Saxe, Stephen A. 

(B) REGISTRATION NUMBER: 38,609 

(C) REFERENCE/DOCKET NUMBER: 24260-107674 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 202-962-4848 

(B) TELEFAX: 202-962-8300 



Howard & Civiletti, LLP 
N . W . , Suite 1000 



(2) INFORMATION FOR SEQ ID NO : 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 9 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(iii) HYPOTHETICAL: NO 

(vi) ORIGINAL SOURCE: 

(A ) ORGANISM. Conus purpurascens 

Hv) FEATURE : 

( tA ) NAME / KEY : Modif xed- s ite 

lB ) LOCATION: 6 residue 6 is Pro or 

(D) OTHER INFORMATION: /note- Xaa at 

4 - trans - hydroxyprol ine - 

(ix) FEATURE: 

(A) NAME /KEY : Modified- site 

( B) LOCATION : 14 residue 14 is Pro or 
ID) OTHER INFORMATION : /note- Xaa 

4 -trass - hydroxyproline « 

(xi , SEQUENCE DESCRIPTION : SEQ ID NO 

,la xaa Oly Thr Phe Cys Gly He Lys Xaa Gly 
Glu Ala Cys Tyr Ala Xaa G.y ^ is 



1 5 



cys cys ser Glu Cys Leu Pro Gly val Cys Pro Gly 

20 

(2 ) INFORMATION FOR SEQ ID NO : 2 : 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 amino adds 

(B) TYPE: amino acid 

( C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii > MOLECULE TYPE : peptide 
(iii) HYPOTHETICAL: NO 

1110 p ^™^/^, *di«i— 

(B) LOCATION: 1 /nroduct= -OTHER" 

/note- -Amino acid 1 is pyr y 

(B) LOCATION: 8 ,,_ t . "OTHER" 

/note* "Amino acid 8 is 
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(IX) FEATURE: 

{A) NAME/KEY: Disulf ide-bond 
(B) LOCATION: 4 . . 16 

(ix) FEATURE: 

(A) NAME/KEY : Disulf ide-bond 

(B) LOCATION: 5 . . 21 

(ix) FEATURE: 

(A) NAME /KEY : Di sul fide - bond 

(B) LOCATION: 11 . .22 

(ix) FEATURE: 

(A) NAME /KEY : Modi f ied - s i te 
<B) LOCATION: 18 

(D) OTHER INFORMATION : /product = "OTHER" 
/note= "Amino acid 18 is 4 - trans -hydroxyprolxne or proline. 

( ix ) FEATURE : 

(A) NAME /KEY : Modif ied- si te 

(B) LOCATION: 2 2 

(D) OTHER INFORMATION: /product = "OTHER" 
/note= "The carboxy terminus may be amidated . " 



(Xi) SEQUENCE DESCRIPTION : SEQ ID NO : 2 : 

Xaa Arg Leu Cys Cys Gly Phe Xaa Lys Ser Cys Arc; Ser Arg Gin Cys 
15 10 15 

Lys Xaa His Arg Cys Cys 
20 

(2) INFORMATION FOR SEQ ID NO : 3 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(li) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = 11 DNA PRIMER" 

(iii) HYPOTHETICAL: YES 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM : Conus purpurascens 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 : 
GARGCNTGYT AYGCNCC 17 
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(2) XNPORNATION FOR SEQ 

^FOUENCE CHARACTERISTICS: 
U ) SEQuEN<- base pairs 

\t\ STnucleic acid 
£ SSkDEDNESS: double 
(D , TOPOLOGY: linear 

MOLECULE TYPE cDNA 
HYPOTHETICAL: NO 
(i v) ANT-X- SENSE: NO 

°r A ? I oSANir M CE Conus purpuxascens 

iiy) FEATURE: 

UX> {M NAME/KEY". M 

(B) LOCATION: 1.-243 

^ ^TaMB/KEY: .i9-fP tid « 
{B) LOCATION: 1.-66 

(B ) LOCATION: 154.- 

r^CRlPTION: SEQ ID NO:4: 
Ul) SEQUENCE DESCRIPT ^ ^ 

^ CTC ACG TOC GTG ATG ATC «T £ OTG ^ ^ ^ ^ Rla 

S £ - T^ CVS V.1 Me, «• 

-51 -50 _ aGA CTG GAG AAT CAT 

Trp T* r ^ e _ 30 

GAC GAA ATC AAG AAC CGC GAA «C £ £ ^ 

-T ACT TTT TGT GGC ATA AAG 
r CAA GCC TGC TAT GCG CCT G£ ACT ^ ^ Ue Lys 

GAC AAA AAG GAA GC ^ pro Gl y Th 

Asp Lys Lys Glu b 

1 rrc GTC TGC TTC GGT 

t GAG TTT TGT CTC CCG GGC GTC ^ 

„ rrr rTA TGC TGC AGT GAG TTT Qly Val C y 

CC C GGG CTA Qlu p he cys 25 
Pro Gly cys <-Y 



48 



96 



144 



192 



240 



243 



GGT 

Gly 

30 
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(2) INFORMATION FOR SEQ ID NO : 5 : 

( l > S EQUENCE CHARACTER I STICS : 

(A) LENGTH: 81 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 5 : 

Met Lys Leu Thr Cys Val Met lie Val Ala Val Leu Phe Leu Thr Ala 

-51 -50 -45 -40 

Trp Thr Phe Val Thr Ala Asp Asp Ser Lys Asn Gly Leu Glu Asn His 

-35 -30 -25 -20 

Phe Trp Lys Ala Arg Asp Glu Met Lys Asn Arg Glu Ala Ser Lys Leu 
-15 -10 -5 

Asp Lys Lys Glu Ala Cys Tyr Ala Pro Gly Thr Phe Cys Gly lie Lys 
1 5 10 

Pro Gly Leu Cys Cys Ser Glu Phe Cys Leu Pro Gly Val Cys Phe Gly 
15 20 25 

Gly 
30 

(2) INFORMATION FOR SEQ ID NO : 6 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

( i i ) MOLECULE TYPE : pept ide 

(iii) HYPOTHETICAL: NO 

(iv) ANT I- SENSE: NO 

(v) FRAGMENT TYPE: C-terminal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus purpurascens 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 6 

Cys Phe Gly Gly 
1 
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(2) XNPORMATTON FOK SEO ID»C-:7: 

. , SEQUENCE CHARACTERISTICS : 
^ ^jf) LENGTH : 4 amino acids 
TYPE: amino add 
C) STRANDEDNESS : single 
(D) TOPOLOGY: linear 

MOLECULE TYPE: peptide 
HYPOTHETICAL: NO 
(v) FRAGMENT TYPE: C-terminal 

cys cys Gly Arg 
l 

(2) INFORMATION FOK SEQ IB 

(A) LENGTH. ^ 

TYPE: amino acid 
J stRANDEDNESS : single 
(D) TOPOLOGY: linear 

(ii > MOLECULE TYPE p«ptid« 
HYPOTHETICAL: NO 

TAfo^'conus geograpnus 

UX) ^TShB/KB*: Modified-site 

(B ) L° CATION: o ! M . TI oN- /product= -4HYP- 
(D) OTHER ^OR^TIO« ns /P ydroxyproline . 

/note- "Ammo acid 6 

(ix ) « ATaR ^\_ /KEV . Modified- site 
(A) NAME/KEi . 

(B1 LOCATION: ^ /pr oduCt= "4Hyp" 

CD> °™ EB /T 0 ^ crans hydroxyproline. 
/note= "Amino acid 

^ F ^ E AME/KEY: 

(B) LOCATION: l"' /pr0 duct= "4Hyp" 

{D) OTHER ^^^^^^hydroxyprolme. 
/note- "Ammo acid n 
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(ix) FEATURE: 

(A) NAME /KEY: Di sul f ide - bond 

( B ) LOCATION : 3..15 

(ix) FEATURE: 

(A) NAME/ KEY : Disul f ide - bond 

(B) LOCATION : 4 . . 2 0 

(ix) FEATURE: 

(A) NAME / KEY : Di sul f ide - bond 

(B) LOCATION: 10.. 21 

(ix) FEATURE: 

(A) NAME /KEY : Modi f ied - s i t e 

(B) LOCATION: 2 2 

(D) OTHER INFORMATION: /product= "OTHER* 
/note= "The carboxy terminus is amidated . " 



(xi ) SEQUENCE DESCRIPTION: SEQ ID NO : 8 : 

Arg Asp Cys Cys Thr Xaa Xaa Lys Lys Cys Lys Asp Arg Gin Cys Lys 
15 10 15 

Xaa Gin Arg Cys Cys Ala 
20 

(2) INFORMATION FOR SEQ ID NO : 9 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

<vi) ORIGINAL SOURCE: 

(A) ORGANISM: Conus geographus 

(ix) FEATURE: 

(A) NAME /KEY : Modi f ied- s i te 

(B) LOCATION: 6 

(D) OTHER INFORMATION: /product= M 4Hyp M 
/note= "Amino acid 6 is 4 - 1 rans - hydroxyprol ine . " 

(ix) FEATURE: 

(A) NAME /KEY : Modif ied-site 

(B) LOCATION: 7 

<D) OTHER INFORMATION: /product^ "4Hyp" 
/note= "Amino acid 7 is 4 - trans - hydroxyprol ine . " 
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/note. "Amino acid n 

UX) ^Imk/KEV: DlS ulfxde- b ond 
(B) LOCATION: 3. .15 

(1X> ^TShE/KEV: Di-ulfid-bond 

(B) LOCATION: 4. .20 

Ux) ^ITame/kev: O.sulfiae-bona 

( B ) LOCATION: 10.. 21 

1 

xaa Met Lys Cys Cys Ala 
20 

(A) LENGTH: 22 aminu 

(B ) TYPE: amino acid 

(C) STRANDEDNESS : single 

( D ) TOPOLOGY: linear 

MOLECULE TYPE: peptide 
HYPOTHETICAL: NO 

UX) Ta^E/KEY: Mod^ed-site 

(B ) LOCATION :^ /pro duct= "4Hyp" 

/note- "Amino add 6 ^ 
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(ix) FEATURE : 

(A) NAME / KEY : Modi f i ed - s i tie 

(B) LOCATION: 7 

(D) OTHER INFORMATION; /product= "4Hyp" 
/note= "Amino acid 7 is 4 - trans - hydroxyprol ine . " 



(IX) FEATURE: 

(A) NAME / KEY : Modified- site 

(B) LOCATION: 17 

(D) OTHER INFORMATION: /product = "4 Hyp" 
/note= "Amino acid 17 is 4 - trans - hydroxyprol ine . " 



(IX) FEATURE: 

(A) NAME / KEY : Disulf ide-bond 
<B) LOCATION: 3 . . 15 



(ix) FEATURE: 

(A) NAME / KEY : Di sul f ide-bond 

(B) LOCATION : 4 . . 20 



(ix) FEATURE: 

(A) NAME /KEY : Disul f ide - bond 

(B) LOCATION: 10.. 21 

{ ix ) FEATURE : 

(A) NAME / KEY : Modified- sit e 

(B) LOCATION: 22 

(D) OTHER INFORMATION: /product = "OTHER' 
/note= "The carboxy terminus is amidated." 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Arg Asp Cys Cys Thr Xaa Xaa Lys Lys Cys Lys Asp Arg Arg Cys Lys 
15 10 15 

Xaa Leu Lys Cys Cys Ala 
20 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 84 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 
CD) TOPOLOGY : linear 

(ii) MOLECULE TYPE: cDNA 

(iii> HYPOTHETICAL: NO 

dv) ANTI-SENSE: NO 

(vi ) ORIGINAL SOURCE: 

(A) ORGANISM: Conus purpurascens 
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(B) LOCATION: 1- .81 



nrr TGT TGC GGT TTT CCG AAG ACT ^ 

T £ S - - - - ~ Gly P - P " ws 

Glu LY S 35 

t nrr TGT TGC GGA GGA TAA 
CGA CAA TGC AAA CCT CAT AGG T^ ^ ^ ^ 
Arg Gin Cys Lys Pro 5S 



48 



84 



(2 , „ BW , B .«««»»' B " !; 

TYPE: amino add 
(D) TOPOLOGY: linear 

MOLECULE TYPE: protein 

SEQUENCE DESCRIPTION: SEQ ^ _ 

Le u cys cys Gly »• LyS is 
Glu Lys Arg Gin Arg Leu Cy 

1 «is Arg cys cys Gly Gly 

Arg Gin cys Lys Pro H« Arg ^ 
AX9 20 

12) MF OR«TI« FOR SEO = 

(A) LENGTH. ^ 

(P > TYPE: ammo acia 

* S^SDBWBSS: single 

(D> TOPOLOGY: linear 

MOLECULE TYPE: protein 
Uii ) HYPOTHETICAL: NO 

(xi) SEQUENCE PESCKIPTION: SEQ I» ^ ^ ^ 

„ i val H e Val A 15 
1 clv Thr Gin Lys His Arg 

Cys Gin Leu He in 2 B 

7 ->r> 
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Ala Leu Gly Ser Thr Thr Glu Leu Ser Leu Ser Thr Arg Cys Lys Ser 
35 40 45 

Pro Gly Ser Ser Cys Ser Pro Thr Ser Tyr Asn Cys Cys Arg Ser Cys 
50 55 60 

Asn Pro Tyr Thr Lys Arg Cys Tyr Gly 
65 70 

(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

<A) LENGTH: 78 amino acids 

(B) TYPE : amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY : lxnear 

(ii) MOLECULE TYPE: protein 
(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

Met Lys Leu Thr Cys Met Met lie Val Ala Val Leu Phe Leu Thr Ala 

15 10 15 

Trp Thr Phe Ala Thr Ala Asp Asp Pro Arg Asn Gly Leu Gly Asn Leu 
20 25 30 

Phe Ser Asn Ala His His Glu Met Lys Asn Pro Glu Ala Ser Lys Leu 
35 , 40 . 45 

Asn Lys Arg Trp Cys Lys Gin Ser Gly Glu Met Cys Asn Leu Leu Asp 
50 55 60 

Gin Asn Cys Cys Asp Gly Tyr Cys He Val Leu Val Cys Thr 
65 70 75 
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10 



15 



i tPd from the group consisting of 5-conotoxin PV1A 
, A ****** P- — ^' l l la c ) lTl A >a-X a a,G, y -T h ,Phe-C> S -OK. 
£0n sis.,„ g of *. — ";° l ; h ; y : uu ; Pro . 0 ,,v a ,-C,s, ro -OK (SEQ 

proline. 

, m , w hen=i» ^.oxin is a subs.ant.aHy pure S-conCoxn, 
2 . A — a— , ^.^n^^X-r 

,seq ,D N0 " ,, • 

v aa is Pro or J-jrcim-hydroxyprohne. 
wherein Xaa, or Xaa, is Pro or 



20 



3 . ^epep^ofCai^^nXaa, is — 



4. The 



peptide of claim 2 wherein Xaa, is Pro. 



The 



peptide of claim 2 wherein Xaa 2 is Pro. 



25 



7. The peptide of claim 3 wherein Xaa 2 is Pro. 

, u »; n Xaa is -Mrans-hvdroxyproline. 

8. The peptide of claim 3 wherein Xaa 2 is 



9. The 



peptide of claim 4 wheremXaa, is Pro. 



30 10 . ^epepudeofcla^whe^^ 
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11. A conotoxin according to claim 1 wherein said conotoxin is a substantially pure |a-conotoxm 
PIIIA peptide consisting of the amino acid sequence Xaa r Arg-Leu-Cys-Cys-Gly-Phe-Xaa : - 
Lys-Ser-Cys-Arg-Ser-Arg-Gln-Cys-Lys-Xaa : -His-Arg-Cys-Cys (SEQ ID NO: 2) where Xaa, 
represents pyroglutamate or glutamine and Xaa 2 represents 4-trans-hydroxyprohne or proline. 

12. The peptide of claim 1 1 wherein the carboxy terminus is amidated. 

13. An isolated nucleic acid consisting essentially of the sequence 5- 
GAAAAGAGACAACGACTGTGTTGCGGTTTTCCGA.AGAGTTGCAGATCCCGACA 
ATGC AAACCTCATAGGTGTTGCGG AGG ATAA-3 ' (SEQ ID NO: 1 1). 

14. A substantially pure peptide consisting essentially of the amino acid sequence Glu-Lys-Arg- 
Gln-Arg-Leu-Cys-Cys-Gly-Phe-Pro-Lys-Ser-Cys-Arg-Ser-Arg-Gln-Cys-Lys-Pro-His-Arg- 
Cys-Cys-Gly-Arg (SEQ ID NO: 12). 
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cj-jgnai spmience 



„ t lys leu thr cys val »1 il. «1 -a val l.u l.u leu thr .1. 

ua1 met He val ala val leu phe leu thr ala 
3 met lys leu thr cys val met ne va 

CTG ACG TGC GTG ATC ATC G« OCT GTG CTG TTC TTC ACT CCC 



cys gln ieu il. thr .1. «p asp ser arg - 91V thr ,1- ly. 
4 thr Ph. ala thr ala asp asp pro arg asn gly !«. - leu 

c ^ thr phe va! thr ala asp asp ser lys as„ ,ly leu glu asn hx. 
X.G ACA TTC GTC ACC GOT GAT GAC TCC AAA AAT GGA CTG GAG AAT CAT 

ar3 ala leu 9 ly ~r thr thr 31" 1~ «' — 1 ~ 

ph. ser asn a!a his his «1« -t lys asn pro glu ala ser lys leu 
phe crp lys aia arg asp ,1- - ^ - - ^ "* £ £ 

TTT TGG AAG GCA CGT GAC GAA ATG AAG AAC CGC GAA GCC TCT AAA TTls 



ser thr ar 3 cys ly. -« P~ S ly - •« ^ "* ^ 

,sn lys arg - t*P cys lys gin ser gly glu -t C ^ ^ 

asp lys lys glu ala cys tyr ala pro 9 ly thr phe cys 9 ly rle lys 
SAC AAA AAG GAA GCC TGC TAT GCG CCT GGT ACT TTT TGT GGC ATA AA„ 



ninnirr ^-m 



ara ser cys asn pro tyr thr lys arg cys 
ser tyr asn cys cys --- arg ser cy 

asp gin asn cys cys asp gly tyr cys ile val leu val cys 

pro gly leu cys cys ser glu phe cys leu pro gly val cys 

CCC GGG CTA TGC TGC AGT GAG TTT TGT CTC CCG GGC GTC 



tyr gly 
thr 

phe gly gly 
TTC GGT GGT 



SEQ ID NO: 13 
SEQ ID NO- 14 
SEQ ID NO: 



SEQ ID NO: 4 

FIG. • 



WO 96/33206 



PCT7US96/0526 



2/6 



o o 6 6 

2 2 2 2 

a a q q 




i 



SUBSTITUTE SHEET (RULE 26) 



WO 96/33206 



3 / 6 



PCT/US96/05262 




Time (ms) 

FIG. 3B 



SUBSTITUTE SHEET (RULE 26) 



WO 96/33206 



4/6 



PCT/US96/05262 




0 50 100 150 200 250 300 

Time (min) 



FIG. 3C 



SUBSTITUTE SHEET IRULE 26) 



WO 96/33206 



PCI7US96/05262 

5 / 6 




FIG. 4 



SUBSTITUTE SHEET (RULE 26) 



WO 96/33206 



6/6 



PCT/US96/05262 




FIG. 5C 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/US96/05262 



77 CLASSIFICATION OF SUBJECT MATTER 

IPC(6) C07H 21/04; C07K 14/435 



B FIELDS SEARC HED — : . 

U.S. : 514/12. 13; 530/324. 326; 536/23 J 



' ~~ , a m h»«s and where practicable, search terms used) 

Electron* data base consulted dunng the search I- of dau base and. 

APS. DIALOG. STN. SW1SS-PR0T GENESEa P1R SEQ ID N0S:1. 2. 12 
search terms; coootox.n. conus. sod.um channel. PV1A. PIIIA. btu 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



A,P 
A 



Ci uuo„ of document, with indicaUon. where appropriate, of the relevant passages 



Relevant to claim No. 



US 5.432.155 A (OLIVERA ET AL) 1 1 July 1995 

FAINZILBER et al. A New Conotoxin Affecting Sodium 
Cu ?en! ".nactivation interacts with the *Con°tox,r , Receptor 
Site. The Journal Of Biological Chem'Stry 20 January 
1995, Volume 270. Number 3. pages 1123-11^3. 

MYERS et a.. Conus Peptides as Chemical Probes . for 
Receptors and Ion Channels Chemical Rev.ews. 1993. 
Volume 93, Number 5, pages 1 923-1 9.5b. 

SHON et al. <J-Conotoxin GmVIA, a Novel Peptide from the 
Venom of Conus gloriamaris. Biochemistry. 1994, Volume 
33, Number 38, pages 11420-11425. 



1-14 
1-14 



1-14 



1-14 



Further .ocumcnu are l. S ted , the conun.at.on of Box C. □ S~ patent fanuly annex 



Specwi colejone. of ctl«l documents: 
au.u.ncotU.raun, *e «encr*l of *e «t^ — 
to be oi puruculu/ relevance 

ark[ aovumen. publ^ oo or iftei *e uvien-uonal fvUn, 4~ 

a^l wK^h «.y .brow doubu on j^Ui-^ 
ciU-J u> c*UibL»h the pubbcoUon date ol •rtotber c*»oo« » 
,pccud r«*»©n •pccificd) 

J^ocn, ,d<m., «> - «".■ «l~>— rr. c«h.b.uoo <*b«r 
tncani 

Jocund pubi-hoj p,~, u, «h< "»" k " **" 

the pnoftiv dme cUtuncd 



"Y* 



^^Z^^tl*^** cM to uncled *< 

. tik*- claimed invenixm c*nn<M be 

wbes ibe document » laJtct. 

. _ i—™*-*- the cUuned invention cwnol be 



Jocuincm member of Ibe «»* P-»L*«* 



Dale 



the a ctualcompkl»on of lUc .ntcrrational search 



' JUNE 1996 



N.une anJ uuilm- uJdre^ oI the ISA/US 

^ a.L.n-wm. D C 20231 

703) 305-3230 



Date of mailing of the international search report 



Ol" AUG 1996 



mule N> 



Autlion^o 1 ot ^ c t r lL L [ 
JEFFREY EVRUSSEL 



^1 



(703) 308-0196 



F , mn PCT/ISA/2 10 (bceond sheet H July 1992)« 



INTERNATIONAL SEARCH REPORT 



C (Commoauon). DOCUMENTS CONSIDERED TO BE RELEVANT 



International application No. 

PCT/US96/05262 




Form PCT/ISA/TIO UoniuiuuUojt of icconJ shect)(July 1992) 



BNSDOOD <WC__. 9633206A1 I > 



